Electromotive force (emf) measurements of the Cell Pt(s), H 2 (g)|ACES(m 1 ) + NaACES(m 2 ) + NaCl (m 3 )| AgCl, Ag(s) have been carried out from 5˚C to 55˚C. The agreement of pH values between two calculated (extended Debye-Hückel and liquid junction correction) is very good. Two buffer solutions without the chloride ion and seven buffer solutions with NaCl, at an ionic strength (I = 0.16 mol·kg -1 ) similar to that of physiological fluids, have been studied. The pH values for these buffer solutions have been evaluated in the temperature range of 5˚C to 55˚C using the extended Debye-Hückel equation of the Bates-Guggenheim convention. Values of the residual liquid junction potential (δE j ) between the ACES solutions and the saturated KCl calomel electrode solution have been estimated at 25˚C and 37˚C from the previously determined E j values using the flowing junction cell to determine the operational pH values at 25˚C and 37˚C. These ACES buffer solutions are recommended as secondary standard reference solutions for pH measurements in the range of physiological application at I = 0.16 mol·kg -1 .
Introduction
The zwitterionic amino acid buffer solutions recommended by Good et al. [1, 2] have been studied in the authors' laboratory for the purpose of pH measurement control in the physiological range of pH. Concerning the current investigation, the authors' goal is to provide pH values for the ACES, which is depicted by the following structure: 
N-(2-acetamido)-2-aminoethanesulfonic acid ACES
This phosphate buffer [3, 4] is comprised of KH 2 PO 4 (0.008695 mol·kg -1 ) and Na 2 HPO 4 (0.03043 mol·kg -1 ). This buffer solution is widely used as the primary reference standard for routine laboratory measurements. Some of the limitations have been previously reported [5] [6] [7] [8] .
The zwitterionic buffer compound ACES may form complexes with cations such as Mg +2 and Ca +2 . At a high NaCl concentration, the complex formation is minimized.
Wu et al. [7] have studied MOPSO using two point pH calibration measurements. Roy et al. [9] studied pK 2 and pH values of 3-(N-morpholino)propanesulfonic acid (MOPS) from 5˚C to 55˚C.
The following two solutions of ACES were studied without the presence of the chloride ion: (a) ACES (0.02 mol·kg -1 ) + NaACES (0.06 mol·kg -1 ); (b) ACES (0.04 mol·kg -1 ) + NaACES (0.08 mol·kg -1 ). The following seven solutions were also studied but contain the chloride ion yielding an ionic strength close to that of blood plasma (I = 0.16 mol·kg 
Experimental Section
The ACES was obtained from Research Organics (Cleveland, OH) and was crystallized further. The method and the assay have been reported elsewhere [8, 9] . The analyses averaged 99.97% with a standard deviation of 0.05%. Buffer were prepared from the weighed amount of the ACES solid, ACS reagent grade NaCl, a standard NaOH solution (for preparation of NaACES), and CO 2 -free doubly distilled water. Buoyancy corrections were made for all masses.
The cell design, method of preparation of hydrogen electrodes, hydrogen gas purification, silver-silver chloride electrodes, solution preparation, temperature measurements, and emf techniques have been described [8, 10, 11] .
Methods and Results
The emf values required for the pH(s) calculations are given in Table 1 The SCE values of the saturated calomel electrode were taken as -0.2415 and -0.2335 at 25˚C and 37˚C, respectively [14] . The residual liquid junction potential δE j values of the buffer solution of ACES were calculated from cells B and C using the following equation:
where k = 0.059156 and pH = 7.415 at 25˚C and k = 0.061538 and pH = 7.395 at 37˚C. The pH values are that of the standard phosphate buffer solution and buffer solution of ACES obtained using the extended Debye-Hückel equation. The operational definition of pH, denoted as pH(x), can be calculated by use of the subsequent equation
where "x" refers to the unknown buffer, "s" is the NBS/NIST standard phosphate buffer solution of known pH, and
To calculate the pH(s) values for the buffer solutions under investigation, calculations were made to determine acidity function, p(a H  Cl ), in the temperature range of 25˚C and 37˚C. These calculations were made using emf values listed in Table 1 , the molality of the chloride ion, and the standard electrode potential of the silver-silver chloride electrode (E˚). The values of p(a H  Cl ) were obtained from the equation below:
where "k" is the Nernst slope. 
where the single-ion activity coefficient, o Cl  , can be estimated based on corrections. A previous publication outlines the method used for obtaining this figure [9] .
The pH values obtained from the liquid junction cell are indicated by pH whereas the "conventional" pH calculated from Equations (5) and (6) are designated as pH(s). The Bates-Guggenheim convention [15, 16] , is expressed y the equation: b Table 3 . p(a H γ Cl ) of ACES + NaACES buffer solutions from 5˚C to 55˚C, computed using Equations (4) 
where "I" is the ionic strength of the buffer solution, "A" and "B" are slope parameters, and "C" is an adjustable parameter. The empirical equation for the calculation of the adjustable parameter "C" is given below [6, 8] :
where C 25 = 0.032 kg·mol -1 at 25˚C and T is the absolute temperature in Celsius.
The values of pH(s) for two buffer solutions without NaCl are listed in Table 4 . These values are expressed as a function of temperature.
a. pH(s) = 6.734 + (1.90·10 -2 ) (T -25)
The observed standard deviations of regression from are 0.003 and 0.002, respectively.
For the seven buffer solutions containing Cl -, with an isotonic saline media ionic strength of I = 0.16 mol·kg -1 , the pH(s) values were also calculated using Equations (4) to (7) . The acidity function data listed in Tables 2 and 3 were used to generate the pH(s) data. These values of pH(s) are entered in Tables Table 4 . pH(s) for ACES + NaACES buffer solutions from 5˚C to 55˚C computed using Equations (4)- (7) a pH(s) for for ACES + NaACES buffer solutions from 5˚C to 55˚C, computed using Equations (4)- (6) a .
T ( (2) where δE j = 0 and Table 6; d Obtained from Equation (2) and cell potential data from Table 6 ; e Obtained from extended Debye-Hückel (DH) equation of the Bates-Guggenheim convention. 
Discussion and Conclusions
The operational pH values at 25˚C and 37˚C were evaluated from cells with a liquid junction (cells B and C) by means of the flowing junction cell [6, 8] . The emf values of cells B and C at 25˚C and 37˚C are given in Table 6 for four buffer solutions of ACES. The values of δE j are also listed in Table 6 . The estimated uncertainties are due to 1) the calculation of logγ Cl , 2) extrapolation of the acidity function, 3) emf measurements, and 4) the estimation of δE j . From Table 6 , the pH values of four buffer solutions lie in the range of 7.1 to 7.6. Thus, these buffer solutions are recommended as useful standards for pH measurements in the clinical laboratory. The overall uncertainty of pH is within 0.01 in the experimental temperature range. Work is in progress for the calculation of pH of the buffer solution using the specific ionic interaction theory of Pitzer [17, 18] for the calculation of logγ Cl . The main application of these pH data is to establish a unified pH scale applicable to a wide range of ionic strengths for practical pH measurements.
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